REMARKS 



The Office Action has maintained the restriction requirement earlier imposed and 
has withdrawn Claims 27 and 28 from consideration. It has examined Claims 1-26 and 29 and 
30 on the merits. The Office Action has rejected Claims 5-26, 29 and 30 under 35 U.S.C. §112, 
first paragraph, for allegedly being non-enabling. Moreover, Claims 1 5-25 are rejected under 35 
U.S.C. § 102(b) as defining subject matter which is allegedly anticipated by the teachings in WO 
97/48397, the inventors of which are Biedermann et al. ("Biedermann et al."). Further, Claims 
15-25 are rejected under 35 U.S.C. § 102(b) as defining subject matter which is allegedly 
anticipated by an article by Nishikawa et al. in J. Med. Chem. 1989 . 32, 583-589 ("Nishikawa et 
al."). Moreover, Claims 15-26 and 29-30 are rejected under 35 U.S.C. § 103(a) as defining 
subject matter which is allegedly rendered obvious by the teachings in Nishikawa et al. in view 
of the teachings in an article by Nie et al. in Blood, 2000 , 95, 7, 2304-23 1 1 ("Nie et al.") and an 
article by Colavitti et al. in The Journal of Biological Chemistry 2002 , 277, 2, 3101-3 108 
("Colavitti et al."). 

Applicants have amended the claims which, when considered with the comments 
hereinbelow, are deemed to place the present application in condition for allowance. Favorable 
action is respectfully requested. 

Before addressing the merits of the Office Action, it is to be noted that claims 15, 
25 and 26 have been amended. Claim 1 5 has been amended to recite a method of treating a 
disease or medical condition in a mammal which disease or medical condition responds to 
inhibition or reduction of angiogenesis, listing specific diseases and medical conditions utilizing 
the compound of Formula I. Support for the amendments to Claim 1 5 is found on Page 2, Line 
28 to Page 3, Line 25 and Page 11, Line 27 to Page 12, Line 24 of the instant specification. 
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Claim 25 has been amended to change dependency. Support for the amended subject matter in 
Claim 26 is found on Page 2, Line 28 to Page 3, Line 25 and Page 11, Line 27 to Page 12, Line 
24 of the instant specification. 

No new matter has been added to the application. 

Claims 27 and 28 are withdrawn; applicants reserve the right to file a divisional 
application directed thereto. 

Although Claims 1-14 and Claims 23 and 24 have been cancelled, these claims 
have been cancelled without prejudice. Applicants have not abandoned the subject matter 
therein and reserve the right to file a continuation application directed thereto. 

Pursuant to the rejection of claims 15-26, 29 and 30 under 35 U.S.C. §112, first 
paragraph, the Office Action states that the present application is enabling for reducing undesired 
angiogenesis and thus treating a disease or medical condition selected from rheumatoid arthritis, 
inflammatory disorder, macular degeneration, psoriasis, retinopathy, preneoplastic lesions and 
hyperplasia. However, it alleges that the specification does not reasonably provide enablement 
for the prevention or inhibition of angiogenesis generally, citing Carmeliet et al, stating that on 
"Page 255, the Authors point out that even if one molecule is blocked, such as VEGF, the cells 
may switch to another molecule. Thus there is no single pathway to inhibit angiogenesis 
generally." 

Applicants respectfully submit that the claimed subject matter is enabling. 
Although the claimed subject matter is limited to the specific diseases which the Office Action 
concurs is enabled, it is respectfully submitted that the present application, as originally drafted 
and as amended, is enabling in accordance with the requirements of 35 U.S.C. §112, first 
paragraph. 
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As indicated in the Office Action, In re Wands, 858 F2d 731, 8 USPQ 2d 1400 
(Fed Cir 1988) provides the factors to consider when determining whether a disclosure requires 
an undue amount of experimentation. However, as shown by the analysis of these factors, 
hereinbelow, an undue amount of experimentation is not required to practice the present 
invention. These factors are listed and discussed hereinbelow. 

(1) The nature of the invention and the bre adth of the Claims 

As described hereinabove, the claimed subject matter is directed, inter alia , to a 
method of treating a disease or medical condition in a mammal which disease or medical 
condition responds to inhibition or reduction of angiogenesis, wherein the disease or medical 
condition is selected from rheumatoid arthritis, inflammatory disorder, macular degeneration, 
psoriasis, retinopathy, preneoplastic lesions and hyperplasia using the compounds of Formula I. 
In another embodiment, the present invention is directed to, inter alia , a method of treating a 
disease or medical condition in a mammal which disease or medical condition responds to 
inhibition or reduction of VEGF production, using the compounds of Formula I wherein the 
disease or medical condition is the aforementioned diseases or medical conditions. In another 
embodiment, the present invention is directed, inter alia , to a method of treating or preventing a 
disease or medical condition which disease or medical condition is the aforementioned disease or 
medical condition using a compound of Formula I. 

As presented, the claims arc not broad; they are definite and specific. The claims 
recite specific diseases, the treatment of which the Office Action has indicated is enabled in the 
present application. In addition, Formula I, which is administered to the mammal, is defined and 
the substituents thereon are defined and are limited in scope. The compounds of Formula I does 
not encompass an infinite number of compounds. 
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(2) The state of the art and the predictability of the art 

There is plenty of art that relates to angiogenesis. Angiogenesis is the term used 
to describe new blood vessel formation and is a feature of many diseases and physiological 
conditions. These publications describe that the compounds therein are useful for not only 
inhibiting angiogenesis but also for treating or preventing angiogenesis. 

Attention is directed to U.S. Patent No. 4,599,331 to Schreiber et al, copy 
enclosed, which provides a class of etianic acid for inhibiting angiogenesis. As another example, 
attention is directed to U.S. Patent No. 5,135,919 to Folkman et al. which describes fumagillin 
and its salts having angiogenesis inhibiting activity. These compounds are taught to be useful for 
treating or preventing angiogenesis. In this vein, attention is directed to the claimed subject 
matter which is specifically directed to the treatment and prevention of angiogenesis. Other 
examples, illustrating the credibility of the present utility include U.S. Patent Nos. 5,134,156, 
5,693,920 and 5,629,340. Thus, contrary to the allegations in the Office Action, the utility of 
treating or preventing angiogenesis or the diseases associated therewith is credible to one of 
ordinary skill in the art. 

Moreover, Applicants respectfully submit that the United States Patent and 
Trademark Office has not met its burden establishing that the application is non-enabling. In 
order to make a proper rejection, the Office Action has the initial burden to establish a 
reasonable basis to question the enablement for the claimed invention. In re Wright , 999 F.2d 
1557, 1562, 27 USPQ2d 1510, 1515 (Fed. Cir. 1993). Case law has held that the specification 
disclosure which contains a teaching of the manner and process of making and using an 
invention in terms which correspond in scope to those used in describing and defining the subject 
matter sought to be patented must be taken as being in compliance with the enablement 
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requirement of35U.S.C. 112, first paragraph, unless there is a reason to douht the objective 
truth of the statements contained therein which must be relied on for an enabling support. In re 
Marzocchi , 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 1971). As stated by the Marzocchi 
Court, "it is incumbent upon the Patent Office, whenever a rejection on this basis is made, to 
explain why it doubts the truth or accuracy of any statement in a supporting disclosure and to 
back up assertions of its own with acceptable evidence or reasoning which is inconsistent with 
the contested statement. Otherwise, there would be no need for the applicant to go to the trouble 
and expense of supporting his presumptively accurate disclosure." 439 F.2d at 224, 169 USPQ 
at 370. 

Here, the Office Action has not provided any rationale supporting its allegation 
that the full scope of the present invention is not enabled. In particular, the Office Action has not 
cited any reference which refutes the teaching of the present invention. Moreover, the Office 
Action has not provided any evidence which disputes the allegation of the utility of the present 
invention. Thus, the United States Patent and Trademark Office ("USPTO") has not met its 
burden. 

(3) The amount of direction or guidance provided 

The instant specification provides specific direction and guidance in practicing the 
claimed invention, contrary to the allegations in the Office Action. Attention is given to the 
disclosure on Page 12, Line 18, to Page 13, Line 35 and Page 19, Line 3 to Page 28, Line 16 of 
the instant specification. The latter text of the specification describes various therapeutic 
administration forms, including how to administer the compound of Formula I in the various 
therapeutic forms, while the former text refers to the amount and the dosage regimen to be 
administered to subjects. Further, attention is given to the text on Page 32, Line 21 to Page 35, 
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Line 12 of the instant specification, which illustrates using a representative compound of 
Formula I, the treatment regimen on a test animal. 

(4) The presence or ahsence of working examples 

The present specification contains working examples. Attention is directed to the 
experimental section on Pages 29 et seg. of the instant specification. The first example shows 
the effect of a representative compound of Formula I on VEGF production in an in vitro model 
system, HepG2 cells. As shown by Table I on Page 32 and Figure I, the representative 
compound inhibited the production of HepG2 cells very effectively at concentrations as low as 2 
or 20 nm. As shown, after 72 hours, the representative compounds at these low concentrations 
completely inhibited, within experimental measurements, the production of VEGF in HepG2 
cells. 

Attention is further directed to the in vivo, experiments described on Page 32 et 
seg. showing the effectiveness of the administration of a representative compound of Formula I 
in male Balb/c mice having a RENCA tumor implanted thereon. The drug was given to animals 
twice a day for six days at various concentrations. As shown by the data in Figures 2 and 3, the 
representative compound of the present invention, BPPA reduced the vessel density in the 
RENCA tumor. The data compared the effect of the representative drug to a drug, TNP 470, 
which was known to be an antiangiogenic compound. As shown, even though TNP-470 was 
administered at higher concentrations and over longer period of time than BPPA, BPAA was 
more effective than TNP-470 in reducing the vessel density in the RENCA tumor. 

(5) Amount of experimentation 

Based on the above, an undue amount of experimentation is not required to 
practice the present invention. Although some experimentation is permissible, In re Wands, 858 
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F2d 731, 736-737, 8 USPQ 1400, 1404 (Fed. Cir. 1988), the amount of experimentation in this 
case is not undue. Further, the USPTO concurs as the diseases recited in the claims have limited 
to the diseases which the Office Action has considered to be enabled in the specification. Thus, 
the claimed invention is enabled, and a person of ordinary skill in the art would not have to 
engage in an undue experimentation in practicing the present invention. 

Therefore, for the reasons given herein, the rejection of the claims under 35 
U.S.C. §1 12, first paragraph is obviated; withdrawal thereof is respectfully requested. 

Pursuant to the rejection of Claims 15-25 under 35 U.S.C. § 102(b), the Office 
Action cites Biedermann et al. 

Biedermann et al. disclose the use of compounds of Formula I therein for the 
treatment of tumors or for immunosuppression. There is no teaching or disclosure therein of the 
use of the compounds therein for the treatment of rheumatoid arthritis, inflammatory disorder, 
macular degeneration, psoriasis, retinopathy, preneoplastic lesions, and hyperplasia. 

Case law has held that a claim is anticipated if the prior art reference teach and 
disclose every element of the claims, either explicitly or implicitly. MGHL/Biophile Int'l Corp- 
v. Milgram, 192 F3d 1362, 1365, 52 USPQ2d 1303, 1305 (Fed. Cir. 1999). The absence in the 
prior art of any element in the claims negates anticipation. Kalman v. Kimberly Clark Corp. , 713 
F2d 760, 771-771, 218 USPQ 781, 789 (Fed. Cir. 1988). 

Inasmuch as Biedermann et al. do not teach or disclose the treatment of the 
specific diseases enumerated in Claims 15-25. Biedermann et al. do not disclose every element in 
the claims. Consequently, Biedermann et al. do not anticipate the subject matter of Claims 15- 
25. Therefore, this rejection is obviated; withdrawal thereof is respectfully requested. 
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Pursuant to the rejection of Claims 15-25 under 35 U.S.C. § 102(b), the Office 
Action cites Nishikawa et al. According to the Office Action, Nishikawa et al. describes the 
administration of compounds 18a, having anti-allergic activity. 

A review of Nishikawa et al. clearly reveals that Nishikawa et al. do not teach or 
disclose any of the diseases recited in the claimed subject matter. Thus, this rejection under 35 
U.S.C. § 102(b) is obviated; withdrawal thereof is respectfully requested. 

Pursuant to the rejection of Claims 15-26 and 29-30, the Office Action cites 
Nishikawa et al. in view of Die et al. and Colavitti et al. 

As described herein, Nishikawa et al. describe the use of Compound 18, i.e., [4- 
(l-benzyl-piperidin-4-yl)-butyl]-3-(pyridin-3-yl)propionamide as an antiallergic agent. The 
Office Action alleges that this compound is a lipoxygenase inhibitor. The Office Action cites 
Nie et al. for alleging that it teaches that lipoxygenase inhibitors can counteract the effects of 
VEGF, and it cites Colavitti et al. for the proposition that VEGF is a major angiogenic factor. 

Upon a closer review, it appears that USPTO has overgeneralized. Nishikawa et 
al. disclose that the compounds therein are useful for inhibiting 5- lipoxygenase, while Nie et al. 
disclose that 12- lipoxygenase inhibitors inhibit angiogenesis. As shown in Nie et al, there are 
various lipoxygenases, such as 5-LOX, 12-LOX and 1 5-LOX and there is no teaching in either 
reference that 5-LOX can be substituted for 12-LOX. 

Colavitti et al. are being cited to identify VEGF as the major anaiogenic factor, 
and does not address the issue. There is no teaching or suggestion in the reference that a 5- 
lipoxygenase inhibitor can substitute for a 12- lipoxygenase or vice versa or that they both inhibit 
angiogenesis. Since chemistry is an unpredictable, there is no expectation, without more, that a 
compound, which is a 5- lipoxygenase inhibitor, can inhibit angiogenesis. 
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In evaluating obviousness, it is axiomatic to look "to see if the prior art would 



have suggested to one of ordinary skill in the art that process this should be carried out and 
would have a reasonable likelihood of success, reviewed in light of the prior art." In re Dow 
Chemical Company , 837 F2d 469, 473 (Fed. Cir. 1988). Here, there is no teaching or suggestion 
in any of the references that the compound disclosed in Nishikawa et al. would be useful as an 
inhibitor of angiogenesis, or that it would be useful for treating (or preventing) any of the 
diseases recited in the claims. Accordingly, the Office Action has not made out a prima facie 
case of obviousness. 



Accordingly, this rejection is obviated and withdrawal thereof is respectfully 



In view of the Amendment to the claims and the arguments herein, it is 



respectfully submitted that the present application is in condition for allowance, which action is 
earnestly solicited. 



Scully, Scott, Murphy & Presser, P.C. 
400 Garden City Plaza - Suite 300 
Garden City, New York 11 530 
(516)742-4343 

MJC:htj 



requested. 




18 



H;\work\ 1 00\2 137 1 \Amend\2 1 3 71 .Amend.doc 



United States Patent [19] [ii] Patent Number: 4,599,331 

Schreiber et al. [45} Date of Patent: Jul. 8, 1986 



[54] ET1ANIC ACIDS AS ANTIANGIOGENICS 
[75] Inventors: Alain B. Schreiber, Sunnyvale; 

William J. Kowalski; Stefan H. 
Unger, both of Palo Alto, all of Calif. 
[73] Assignee: Syntex <U.SA.) Inc., Palo Alto, Calif. 
[21] AppL No.: 685,568 
[22] Filed: Dec. 24, 1984 

[51] IntCl.* A61K 31/56 

[52] UJS. CL S14/179; 260/397.1 

[58] Field of Search 260/397.1; 514/179 

[56] References Cited 

U.S. PATENT DOCUMENTS 

4,198,403 4/1980 Alvarez 260/397.1 

4,310,466 1/1982 Edwards 260/397.1 

Primary Examiner— Elbert L. Roberts 

Attorney, Agent, or Firm— Charles L. Hartman; Tom M. 

Moran; Alan M. Krubiner 

[57] ABSTRACT 

This invention provides a method for inhibiting angio- 

genesis in mammals. A pharmaceutically acceptable 

formulation containing a compound of the formula 




Xi x 2 



where X] X 2 and X3 are H, CI, or F and X 3 must be H 

if the substituent of Ri is aOH; 
R 1 is chosen from the group consisting of hydroxyl and 

hydrogen; 

R2 is chosen from the group of alkyloxy or thioalkyls 
wherein said alkyls have less than 5 carbon atoms 

R3 is H or an alkyl having less than 6 carbon atoms, is 
administered to the mammal having undesirable angi- 
ogenesis. 

The wavy line at C-16 refers to either a or /S. 
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™~ . » ™~ — - R-i is chosen from the group consisting of hydroxyl or 

ETIANIC ACmS AS ANTIANGIOGENICS hydrogen 

D . _, „„ rtY S.2 is chosen from the group of alkyloxy or thioalkyls 

BACKGROUND OF THE INVENTION wherein said alkyls have less than 5 carbon atoms; 

This invention relates to the use of novel steroid 5 R3 is H or an alkyl having less than 6 carbon atoms, is 

compounds, particularly to the use of compounds of the administered to the animal having undesirable angi- 

class of etianic acids, for inhibition of blood vessel for- ogenesis. 

mation. Certain etianic acids and esters derived there- , wavv ]ule at C " 16 refers 10 a or P- 

from can inhibit blood vessel formation, and can be used "Inhibiting angiogenesis" as used in the context of 

in treating solid tumor growth, ophthalmic retinopa- 10 thls mvention means preventing further vascular devel- 

thies including diabetic, and granulomatous disease, and °P ment or slowing further development of vasculariza- 

as a contraceptive, as well. tion - Tile longer term use of the anti-angiogenic etianic 

"Angiogenesis" is the term used to describe new esters of this mvention can result in the destruction of 

blood vessel formation. Angiogenesis is a feature of v f sseJs due t0 angiogenesis already present, and this 

many diseases and physiological conditions, for exam- 15 P henoniell ° n ls also deluded in the term, 

pie, ophthalmic retinopathies, granulomatous disease, . ™ s a s P eaSa formula is intended, the term 

and solid tumor growth, as well as wound healing and edamo acld ester " as BSed herem ^ refer to the S e " 

corpus luteum formation. Folkman discusses angiogene- ne T c . . of compos of Formula 1. Examples of 

sis in a general way in^nn. N.Y.Acad. Sei 1982 d 212 sucn etlamc acld eSteK are shown in U.S. Pat Nos. 

Conditions ^^^0^2% t 20 4 ' 261 ' 986 ' 4 > m >«»> *>™>™' 

treated by inhibiting angiogenic if the trettm^nt hi 4 ' 261,984 ' 4 ' !87 > 30! ' 4 ' 188 ' 385 4 ' 263 . 289 - 

few side effects. For example, angiogenesis accompa- DETAILED DESCRIPTION 

ntes most solid tumor growth. The prevention of fur- a. ™ «, * j , u, . 

ther angiogenesis can inhibit further tumor growth in « As ™ ""ft** 6 ? tumor &™ s > b !°° d vessels m 351(1 

some cases. As another example, preventing angjogene- 25 "° Und 11 wJ1 Proliferate. One can easily visu- 

sis is an effective means of contraception w mammals. ^ d ? ermme whlch t bl ood vessels are due to tumor 

Folkman has demonstrated both that anrioeenesis is f f angiogene S1 s, because these vessels are particu- 

necessary for tumor growth, and that tuSof growth £ advanced cases, are characterized 

stops if angiogenesis is inhibited. See Science. 221 Aue ,„ ^ oca]l ? ed b } ood leaka S e ^ hemorrhage. The ad- 

1983, p. 719-725. He reported that if angiogeS'is wl 30 <* ««mic acds mhibits the vascularization 

inhibited by a combination of heparin, of hfparin frag- Jf ^ » a 

ments, and cortisone, tumor growth could be stopped Jf" ^ tB ™" ^ ^ ltS *° Wth 15 P revented 

and even reversed. He always administered both hepa- ^ fnor may regress 

rin and a glucocorticoid steroid to achieve the anti-angi- « ? ther emnple ophthalmtc retinopathies 

ogenic elect. One disadvantage that he has recoX 35 2!? «™ kl,Mln8 d ??"* ^ be treated 

is that not afl heparins give identical results. (See Science Et ™* C eSt f ? "™ P 84 ^ f con * f aceptives, smce they 

221 at p. 722) AnXin one case, the he?ark hat S can prevent formation of the corpus luteum required for 

best anti-angiogenic activity was rLoved froTfte ^bryonal development. 

market during the pendancy of the study Later he P? 1 **?* systemic administration mcludes oral ad- 



rin to inhibit angiogenesis in The Third InternatZal ™ ; ^ P mven! ? on » 4550 Bsef f ! or * ose '° caJ - 
Sympchm on the Biology of Vascular Endothelial Cell, at ^SiS^f ^ " d ^ 
Cambridge, Mass. June 25-29, 1984. t °?f i! admuustration _K possible. 

It would be advantageous to find a class of steroid „ u De P endm g on the tended mode of administration, 
compounds that are anti-angiogenic, that^o ™ 45 SfT"^ ^ m ^ f< T ° f *° M ,' ^ 
any other biological effects, particularly severe gluco- ^ d ° r hqmd d ° S ^f, f ch for ^P 1 ^ tab " 
corticoid effects The applicant has ffiuSt etiatic IetS ' su PP os «ones pills, capsules, powders, liquids, sus- 
acids and their esters do show anti-angiogenic effects. ™ £ J^'j.Stt^tS^ 
SUMMARY OF THE INVENTION 50 The compositions will include a conventional pharma- 

This invention provides a method for inhibiting angi- S^? ° r ^S to,t ^.^f ve oompound of 
ogenesis in mammals. A pharmaceutically acceptable Formu1 ^ m ^ an ' mav ^f 1 medlclnal 

formulation containing a compound of the fonmda J^P>»™«««««» agents, earners, adjuvants, and 

55 For solid compositions, conventional aon-todc solid 
formula 1 carriers that may be used include, for example, pharma- 
ceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose, 
sucrose, magnesium carbonate, and the like. Liquid 
60 pharmaceutically administerable compositions can, for 
example, be prepared by dissolving, dispersing, etc. an 
active compound as defined above and optional phar- 
maceutical adjuvants in a carrier, such as, for example, 
■ . water, saline, aqueous dextrose, glycerol, ethanol, and 

Xl Xj 65 the like, to thereby form a solution or suspension. If 

. desired, the pharmaceutical composition to be a&ninis- 

wnere Ai A 2 and X3 are H, CI, or F, tered may also contain minor amounts of nontoxic auxil- 

where X 3 must be H if the substituent of Ri is aOH; iary substances such as wetting or emvilsifying agents, 
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pH buffering agents and the like, for example, sodium Cell monolayers were washed 3 times with Phos- 
acetate, sorbitan monolaurate, triethanolamine sodium phate Buffered Saline (PBS) and harvested by scraping 
acetate, triethanolamine oleate, etc. Actual methods of with a rubber policeman into an ice-cold sonication 
preparing such dosage forms are known, or will be buffer of 0.25M sucrose; 10 mM Tris-HCl, pH 7.4; 5 
apparent, to those skilled in this art; for example, see 5 mM ethylenediarainetetraacetic acid (EDTA); 5 mM 
Remington's Pharmaceutical Sciences, Mack Publishing dithiothereitol; and 10 mM sodium molybdate. All sub- 
Company, Easton, Pa., 15th Edition, 1975. The compo- sequent steps were performed at 4" C. The cells were 
sition or formulation to be administered will, in any pooled into a final volume of 8-12 mis, broken by soni- 
event, contain a quantity of the active compound(s) in cation for 45 seconds with the microtip of a Branson 
an amount effective to alleviate the symptoms of the 10 sonifier at setting #3 and the residue was then centri- 
subject being treated. * " fuged at 100,000 X g for 30 minutes with a Beckroan 
For the compounds of formula I, either oral or topi- L8-5Q, Ti50 rotor, at 40,000 rpm. Individual portions of 
cal administration is preferred depending on the nature the cytosol were incubated with 25 nM 3 H-DEX, either 
of the disorder being treated. with OT without unlabeled test compounds, at concen- 
For oral administration, a phannaceutically accept- 55 trations between 0.25-250 nM. Incubations were pe- 
able non-toxic composition is formed by the incorpora- formed in a final volume of 1 ml in 1.5 ml Eppendorf 
tion of any of the normally employed excipients, such centrifuge tubes for 3 hours on ice. 
as, for example pharmaceutical grades of marmitol, Separation of free from protein-bound 3 H-DEX was 
lactose, starch, magnesium stearate, sodium saccharin, accomplished by chromatography on Sephadex G-50 
talcum, cellulose, glucose, sucrose, magnesium, carbon- 20 ™™f»i™ns- F« e Sephwfc* G-50 gel was swollen and 
ate, and the like. Such compositions take the form of e 2 ri * ra * ed J against column buffer of 100 mM Tris-HCl, 
solutions, suspensions, tablets, pills, capsules, powders, £ H , 7 - 8 ; 3 ° lM Columns were poured to a 
sustained release formulations and the like. Such com- fmal P acked volume of 4.5 ml in 5 ml plastic disposable 
eratfyTs 1% ~ 95% active P ref " 25 '"X packed columns were then drained of buffer and 
For topical administration, these compositions com- the m^ted ^ples were applied to each- The 
prise an effective amount of a compound of this class in ***** wc ' e was ^ed mto the columns with 0.5 ml of 
a mixture with a phannaceutically acceptable non-toxic ^ lumn . b ?* r ' .' nd Ae e ? clui ? 0J1 containing 
carrier. A suitable range of composition would be , 



the protein peaks were eluted with another 1 ml of 
r , , .,_ ,,„, . . -. , . , . 5 30 column buffer and collected. Aliquots of 750 u.1 of Bi- 

1 bataCC Camer ' «*J Protein reagent were diluted 1:5 in H 2 0. OD 630 nm 

prefemblyl-2%act vemgredi e nt reading were compared with those obtained for a bo- 

Some members of the class ; of ethnic adds are known vice ^ dbumk P standard curve . See ^ BHT C and 
to have glucocorticoid effects, bu here is no relation- BLE1 ! Columns in Tables 1 and 2. 
ship between anti-anaogemc activity and glucocorti- 35 Fjnal valBes m ^ „ flrioIes 3H-DEX bound 
coid activity. Some compounds known to be powerful of teilL Scatchard that LE n 

glucocorticoids have little or no anti-angiogenic activ- Mils bfad appTC>ximate } v 500 fmoles of 3 H-DEX per mg 
lty and some compounds known to have no glucocorti- at satura tion ( with an equilibrium dissociation constant 
coid activity have anti-angiogemc activity. All of the of 8 x J0 _9 M . while HXC ^ bind about 1 100 
eaanic esters, as defined above, have at least some anti- 40 of 3 H -DEX per mg protein at saturation, with an equi- 
ali ?u Se ^ C f CtlVlty- librium dissociation constant of 4x lO-^M. 

The ideal compound would have high ann-angio- Results are expressed in Tables 1 and 2 as the concen- 
genic efficiency, but no glucocorticoid, or other steroid trat i on required for 50% inhibition (IC)so in displace- 
or other undesirable side effects. To screen the series of ment experiments, 
etianic esters each was tested for glucocorticoid activity 45 

using a binding competition test, the tyrosine amino EXAMPLE 2 

transferase induction test, and the alkaline phosphatase i a this example, tyrosine aminotransferase (TAT) 

induction test activity was determined by a spectrophotometric assay. 

Each compound of the series was also tested for anti- This enzyme catalyzes the conversion of tyrosine to 
angiogenic activity by an in vivo test that measured 50 p-hydroxyphenylpyruvate. This example is a standard 
vascularization in a hamster's cheek pouch in response m vitro test for glucocorticoid activity, 
to either an angiogenic polypeptide growth factor, epi- Addition of base caused the conversion of p-hydroxy- 
dermal growth factor (EOF) or an induced timer. The phenylpyruvate to p-hydroxybenzaldehyde, which was 
results of all the tests, for the ester and thio ester sub- quantitatively measured by absorbance at 33 1 nm. HTC 
classes of etianic esters series, are tabulated in Tables I , 5; ce ii s> t h s target cells for the compound tested were 
2 > and 3- grown in DMEM+ 10% FCS. Subcontinent cell cul- 

EXAMPLE 1 tures were incubated with test compounds in 6 well 

* ' Costar dishes for 24 or 48 hours. The cells were incu- 

In this example, the affinities of test compounds for bated in either serum-free DMEM or DMEM contain- 
the glucocorticoid receptor were determined by com- 60 ing 10% FCS previously filtered over activated char- 
petition for 3 H-dexamethasone (DEX) binding sites in coal. The cells were harvested in PBS using a rubber 
cytosols from tissue culture cells. policeman, then washed once in PBS by centrifugation 

LE II (mouse lung capillary endothelial) or HTC (rat and resuspended in a 0.3 ml lysis buffer of 10 mM Tris, 
hepatoma) cells were grown in Dulbecco's modified 10 mM EDTA and 0.25M sucrose at pH 7.4. The cells 
Eagle's (DMEM) medium plus 10% fetal calf serum 65 were then lysed by three cycles of freeze-thawing using 
(FCS), in 150 cm 2 T-flasks. Approximately 20 flasks of dry ice and a 37° C. waterbath and the cells debris was 
LE II cells or 10 flasks of HTC cells were needed for a pelleted by centrifugation for 2 min at 12,000 9 in an 
60-80 sample assay. Eppendorf centrifuge. 



4,599,331 

n 5 6 

The supernatant was used for a protein determination The tubes were mixed and 200 ul portions from each 

using either E+K stain or BioRad protein assay kit and tube were transferred in triplicate to a 96 well micro- 

TAT activity. 0.1 ml TAT buffer having 50 inM titer plate. The OD 4 ionm of each well was then deter- 

KH2P04, 1 mM EDTA, 0.1 mM Dithiothereitol mined using a Dynatech plate reader. The micromoles 

(DTT), and 5 mg/ml BSA at pH 7.6 and 0.1 ml cell 5 0 f product formed were determined from the molar 

extract were mixed in glass tubes. A prewarmed mix- extinction coefficient of nitrophenol at 410 nm. 

7. 5™**^. 2-3 ms/ml tyr0sine solution m Triplicate jiti aliquots of the cell supernatant were 

0.05M Phosphate buffer, 100 parts 0.125M KH2PO4, 10 transferred to 96 well microliter plates for protein de- 

|M ? , a n ™ Md ket0 £ lutara te so!utio11 and 1 termination by a modification of the Lowry method, 

part of a 0.04 mg/ml pyrophosphate solution had 10 Fifty ^ of a reaction mixture contaming 0 . 19M Na2 . 

V **A ^ C ° 3; 0 1N NaOH; 0 7 ^ -dium-potaJium tartrate; 

S vor£xed ,< 5% *>lin-Ciocalteu reagent (Sigma). The plates were 

AldehydeformationwasallowedtoproceedatSrc. ^JdI^^Z^^ 

for 30 min. The amound of aldehyde formed was deter- ™? a D y natech plate reader. The protein content for 

mined by UV spectroscopic means. Absorbance was TSL^SS | b ^. c «?f ni « ^ avera S e 

read at 331 nm using a solution composed of 0.1 ml 2& 1 KS?J3'SSf e < * tamed * a bovme senm 

TATbuffer, 0.1 im lysis buffer, 0.7 ml reaction mixture 20 1 T, « * e- * 

and 0.1 ml 7N KOH as a blank. Optical Density values 7116 alkal ™ e P hos P hatase f ct,v "y ° f m each sample 

are linearily corrected for protein content. WaS «Pf » sed as ^moks product formed per minute per 

As the absolute amount of enzyme induction varies ™ 8 p ™ ttm m the ? k * ™» 1 and 2. 

between experiments, results are expressed as percent of ReSul j S "* express f d " the ability of a com- 

the maximal induction obtained with dexamethasone, 25 pound as "spared to dexamethasone. 

which was run as a standard in each assay. Dexametha- EXAMPLE 4 

sone induces maximal TAT activity at iQ-^M with an r „ . .... 

ECjo ~2X 10~ 8 M. fa t™ 8 exaK >Ple» the in vivo angiogenesis inhibition 
In this series, compounds were assayed from 10-<M activity of etianic acid esters was tested. Male Syrian 
down. Results are expressed in the TAT column of 30 Golden hamsters, weighing between 120 g and 150 g 
tables 1 , and 2 as the induction ability of a compound as were anaesthetized by intraperitoneal (I P ) injection of 
compared to dexamethasone; a compound may either 3 rodent anaesthetic mixture consisting of 50 mg/kg 
be a partial inducer or a superinducer. ' ketamine hydrochloride, 5 mg/kg xylazine and 1 mg/kg 
acepromazine. The left cheek pouch of each animal was 
EXAMPLE 3 35 everted with a pincet and pinned down to a plexiglass- 
This example shows a test for alkaline phosphatase rubber stage and observed through a Zeiss stereomicro- 
(APb) activity. This is another standard test for gluco- scope. 10 jig of EOF or 3X 10 5 Hamster Melanoma 
corticoid activity. RPM1 1S46 tumor cells in 10 ?J Cibachrome Blue aga- 
LE II cells were grown in DMEM plus 10% FCS, at rose (Amicon) were injected subcutaneously in the left 
37° C, in a 10% carbon dioxide atmosphere. Confluent 40 lower quadrant of the pouch with a Hamilton syringe, 
monolayers of cells were trypsinized and seeded at a The pouch was then reinserted and animals were kept 
1:15 dilution into 6-well Costar cluster dishes. After under observation until recovered from anaesthesia, 
allowing 24 hours for attachment, the culture medium The animals were dosed daily with one test corn- 
was replaced with fresh medium, either with or without pound, starting one day before stimulus injection and 
the test compound. In all experiments, DEX, at concen- 45 continuing until observation. The test compounds were 
trations of 10-5 to 10- 6 M, was added to some of the dissolved in a minimum volume of ethanol and diluted 
wells as a positive control. Preliminary experiments bad »i sterile phosphate buffer solution. Then between 0.5 
shown that maximum induction of alkaline phosphatase and 4 mg/kg of the test compound was injected subcu- 
activity by DEX was seen after 48-72 hours of incuba- taneously. 

tion; for routine experiments, the cells were incubated 50 Either five days or twelve days after the EOF or 

for about 65 hours. tumor cell injection, animals were anaesthetized by LP. 

Cell monolayers were washed with PBS and har- injection of the rodent anaesthetic mixture. The pouch 

vested by scraping with a rubber policeman into 400 ul was everted on the stage and examined under the ste- 

of a buffer of 20 mM Tris-HCI at pH 7.4; 2 mM MgCh; reomicroscope. Pictures were taken with a 35 mm using 

and 150 mM NaCl together with 1% Triton X-100. 55 Kodak Tungsten 50 professional films. 

Samples were transferred into 1.5 ml Eppendorf centri- The following subjective scoring was used for evahi- 

fuge tubes and placed on ice. The tubes were first vor- ating the photographs: 

texed and then centrifuged in the Eppendorf minicentri- 0: no new vessels. 

fuge for 2 minutes. Duplicate 100 ul aliquots of superna- 1: minimal branching of vessels in the vicinity of 

taut were placed into 12X75 mm glass test tubes for 60 injection site. 

determination of APb activity, while the rest was saved 2: new vessels reach injection site, area involved is 

for protein determination. The alkaline phosphatase minimal «50% of area surrounding injection site), 

reaction was initiated by the addition to the tubes of 0.5 3: many vessels reach and cross injection site, new 

ml of 10 mM p-nitrophenylphosphate (Sigma) in 0.1M vessels are tortuous, (>50% of area surrounding 

ethanolamine, pH 10.5. The tubes were incubated in a 65 injection site). 

37° C. water bath for between 20 to 50 minutes, depend- 4: "full blown", many tortuous vessels, leakages, 

ing on the activity of the samples. The APb reaction hemorrhages, 100% of area around injection site, 

was terminated by the addition of 0. 5 ml of 0.2 NaOH. invasion of new vessels into non-injected areas. 
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In the case of the tumor, tumor size was also deter- T . BTB , 
mined. (See Table 4) TABLE 2-continued 

Results are expressed as the mean of the score. The 
results are shown in Tables 1 and 2 are percent inhibi- 
tion of HCP Stimulus. Results of a two week assay for 5 
various compounds are shown in Table 3. 





10 



Inhibition of ttimor growth (2 week assav^ 



No. 


Xi X 2 


Cl6 R[ 


R2 


dose (rog/kg) 


Anaioaenesis 


Mn 
(mm 2 ) 


% 


[A] 


None 










40.7 ± 16.2 


0 


13 


F F 


0 butyrat 


SCHj 


0.8 


1.8 42 


9.1 ±3 


78 


9 


F F 




OCH 3 


0.8 


2.2 29 


5.7 ± 5.9 


S6 


10 


F F 




OCB 3 




2.4 23 


22.5 ± 13.7 


45 


tB] 


None 








2.9 0 


27.5 ± 15.3 


0 


2 


r F 


0 propion 


Me OCH3 


0.6 


1.9 35 


11.6 ± 10.3 


58 



What is claimed is: 

1. A method for inhibiting angiogenesis in animals 
comprising administering a pfaannaceutically accept- 
able formulation containing a compound of the formula 




where Xi, X2 and X3 can be the sam 

can be hydrogen, fluorine and chlorine; 
Rt is chosen from the group consisting of hydrogen 

and hydroxyl; 
R2 is chosen from the group consisting hydrogen, 

methoxy and tbiomethyl; and 
R3 is chosen from the group consisting of alkyl 

groups having less than 6 carbon atoms. 



2. The method of clai: 
5 includes those compounds having Ri as hydroxyl, and 

R2 as methoxy. 

3. The method of claim 2 wherein said compound 
includes those compounds having R3 as propionate. 

4. The method of claim 2 wherein said compound 

0 includes those compounds having Xi as hydrogen, and 
X2 and X3 are fluorine. 

5. The method of claim 3 wherein said compound 
includes 16 j8 methyl and 11 j3 hydroxy. 

6. The method of claim 2 wherein said compounds 
5 include those compounds having R3 as buterate. 

7. The method of claim 2 wherein said compound 
includes those compounds having X lf X 2 , and X3 as 
fluorine. 

8. The method of claim 1 wherein said angiogenesis is 
3 inhibited by the propionic ester of 4, 6a, 9a-trif]uoro- 

11& 17o-hydroxy-16/3-methyl 3-oxoandrosta-l,4-diene- 
170 carboxylic acid. 

9. A method for treating granulomatous disease in 
mammals comprising administering a therapeutically 

1 effective amount of the compound of claim 1. 

10. A method of contraception in mammals compris- 
ing admirnstering a therapeutically effective amount of 
the compound of claim 1. 
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ABSTRACT 

i and its salts have an angiogenesis inhibiting 
activity and are useful for prophylaxis and treatment of 
diseases induced by abnormally stimulated neovascular- 
ization. The invention also provides certain pharmaceu- 
tical compositions comprising fumagillin or its salt, and 
an agent which potentiates angiogenesis inhibition such 
as heparin and sulfated cyclodestrins such as beta- 
cyclodextrin tetradecasulfate. 

13 Claims, 1 Drawing Sheet 
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METHOD AND A PHARMACEUTICAL 
COMPOSITION FOR THE INHIBITION OF 



This is a continuation-in-part application of U.S. Ser. 
No. 145,407, filed Jan. 19, 1988, now abandoned. 

The present invention relates to methods of prophy- 
laxis or treatment of angiogenesis-related diseases in- 
duced by abnormally stimulated neovascularization in 1 
mammals. The invention also relates to certain pharma- 
— compositions comprising fumagillin and poten- 



BACKGROUND OF THE INVENTION 15 
Angiogenesis is a process by which new capillary 
blood vessels are formed. This process occurs normally, 
e.g., during ovulation and formation of the placenta. It 
also occurs pathologically in wound healing, as well as 
in a variety of diseases where uncontrolled or rampant 20 
capillary growth is the cause of extensive tissue damage. 
Examples of the latter are in ophthalmology: diabetic 
retinopathy, retrolental fibroplasia, corneal graft neo- 
vascularization, neovascular glaucoma, ocular tumors 
and trachoma, where neovascularization may lead to 25 
blindness; in dermatology: psoriasis and pyogenic gran- 
uloma; in pediatrics: hemangioma, angiofibroma, and 
hemophiliac joints; in surgery: hypertrophic scars, 
wound granulation and vascular adhesions; in internal 
medicine: rheumatoid arthritis, where new vessels in the 30 
joint may destroy articular cartilage and scleroderma; in 
cardiology: atherosclerotic plaque; and in cancer: many 
kinds of carcinomas and sarcomas, where progressive 
growth is dependent upon the continuous induction of 
angiogenesis by these tumor cells. 35 

The realization that tumors, as well as many non-neo- 
plastic diseases, are angiogenesis-dependent has led to a 
search for angiogenesis inhibitors that might be used 
therapeutically (See e.g„ J, Folkman; Advances in Can- 
cer Research Vol. 43, pp 175-203, 1985 ed. George 40 
Klein and Sidney Weinhouse). 

Fumagillin is a known compound which has been 
used as an antimicrobial and antiprotozoal Its physico- 
chemical properties and method of production "are well 
documented [Production; U.S. Pat. No. 2,803,586: 45 
Structure; Proc. Nat. Acad. Sci. USA, 48, 733-735 
(1962)]. 

Fumagillin has a molecular formula of CkHmO?, Its 
molecular weight is 458.53. Yellow needles from metha- 
nol extraction have an rap of about 194M95' C. Fuma- SO 
gillin has the following structure: 

OCH3 



agents which potentiate angiogenesis inhibition such as 
heparin and sulfated cyclodextrin, particularly beta 
cyclodextrin tetradecasulfate. 

' BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates the inhibition of neovascularization 
stimulated by bFGF by treatment with fumagillin in 
accordance with the rat corneal micropocket assay, 

) which is disclosed in detail in Example 4. 

DETAILED DESCRIPTION OF THE 
INVENTION 
The present invention provides novel methods for the 
5 treatment and/or prevention of angiogenesis-related 
diseases in mammals. The method, in its simplest form, 
comprises administering to the mammal an effective 
amount of fumagillin or a pharmaceutically acceptable 
salt thereof. The invention also provides certain phar- 
maceutical c 



salt, and an agent which potentiates angiogenesis inhibi- 
tion such as heparin and sulfated cyclcdextrins such as 
beta-cyctodextrin tetradecasulfate. 

In accordance with the present invention, fumagillin 
has been found to be a strong inhibitor of angiogenesis 
in mammals. In treating angiogenesis-related diseases an 
effective amount of the free form, or a salt of fumagillin 
may be used. As the salt, inorganic salts such as alkali 
metal salt, e.g, sodium salt, potassium salt, alkaline-earth 
metal salt, e.g. calcium salt, and ammonium salt are 
preferred. 

On the basts of its strong angiogenesis inhibitory 
activity, fumagillin and its salts are particularly useful 
for prophylaxis and treatment of diseases in the fields of 
ophthalmology, dermatology, pediatrics, surgery and 
cardiology. 

Thus, fumagillin and its salts may be used for prophy- 
laxis and/or treatment of neovascularization in diabetic 
retinopathy, retrolental fibroplasia, corneal graft neo- 
vascularization, neovascular glaucoma, ocular tumors, 
and trachoma; dermatologies! psoriasis and pyogenic 
granuloma; childrens hemangioma, angiofibroma and 
hemophiliac joints; and hypertrophic scars, wound 



diseases, fumagillin and its salts are especially ei 



The use of fumagillin in accordance with the present 
invention has been found to be low is toxicity and is 
safely administered orally or parenterally to mammals 
(e.g. rat, rabbit, monkey, man) in forms of e.g. tablets, 



SUMMARY OF THE INVENTION Mm> ^ creams> 

The present invention relates to the use of the fuma- and eye-drops, 
gillin, obtainable from Aspergillus fiimigatus, as an angi- To treat diabetic retinopathy, for example, fumagillin 

ogenesis inhibitor. Fumagillin shows strong angiogene- is administered orally in an amount of from about 1 
sis inhibitory activity and may be used to treat a variety 65 mgAg to 200 mg/kg per day, preferably in an amount 

of diseases induced by abnormally stimulated angiogen- of from about 2 mg/kg to 100 mgAg per day. For oral 

esis including diabetic retinopathy, trachoma, and the administration, 5 mg to 100 mg of fumagillin or its salts 

like. The present invention also relates to certain phar- may be formulated as a tablet or a capsule together with 
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ther The invention will be further illustrated with refer- 

suitable vehicle. ence to the following examples which will aid in the 

FumagiHin may also be administered subcutaneously understanding of the present invention, but which are 

or intravenously in an amount of from about 0. 1 mg/kg not to be construed as a limitation thereof, 

to 20 mg/kg per day to an adult in the form of a pharma- 5 ______ _ 

ceutieal acceptable composition. Preferably, it is admin- EXAMPLE I 

istered in an amount of from about 0.2 mg/kg to 10 Shell-less Chorioallantoic Membrane Assay 

mg/kg per day. The preferred form of fumagillin for The shdUess membrane (CAM) 

intravenous administration is as a sodium salt. * „ ,„„ l.!Xt Z>* Z.7 »t- TZ ™h 

Fumagillin may also be administered topically. For W ^^3^ kI? 297 tt7 

example, to treat eye-related Oogenesis diseJes, fa- ^SiTi^^S^JuSfiSi 

magillin, especially as a salt, may be administered in the * 3* Z^Z% L Irf Tnd 

form of eyedrops. One to , few drops per dose is ad- ^£^^1^5^^ 



ministered to the eye with a frequency of 1 to about 4 m V™* ™* ™ ™ a Zo ^H 3 

timesaaayaccordingtothepatienfscondition.Pr e fer- " ^V^T^ISS £ SvSs fcc ^d 

ably, the eye-drops are prepared by dissolving a fuma- FGF . 200 „ n f (bo ™ e R * D A yS ^ mS '^ ) ' ™ d 

gillin salt in distilled water to make a concentration of »^^«»i«(^.&»^Oo.,^«mi- 

oZ to 3% (w/v). The solution also £,n- ) '"^"^i^^STO^ 

tains an isotonizing agent, a preservative, or a thicken- m Af * r ^T,^ *?* 

ing agent and is adjusted to a pH of from about 5 to 9. 20 7« ^AM ° f ^ T^" 

In accordance with another aspect of the present totct > « hlbl ^ n of nwvascular formation fay iW 

invention, it has been found that certain agents pWenti- g ln was ooscrved under a stereoscope #20, 3MZ- 10, 

ate the angiogenesis inhibitory activity of fumagillin. Nskon >> rad «™P»»d to the control disk containing 

Such agents include heparin and a group of compounds „ Mld / C , FGF 200 88 a ?f ^ of ^°^ nesls .^ d 

known as sulfated cyclodextrins. 25 methylcellulose 30 ug without fumagillin. Fumagillin 

Heparin, an alpha, beta glycosidically linked highly showed angiogenesis inhibitory activity by the CAM 

sulfated copolymer of uronic acid and glycosamine, has """y <T»b« !)• 

been used clinically as an anticoagulant for half a cen- TABLE 1 

tury. Despite its importance and widespread use, both J( ' ~ ~ ~ " " 
the exact structure of heparin and the precise nature by 
which it acts in blood anticoagulation have not been 
discovered. Much of the difficulty in detennining the 

structure of heparin results from the fact that it is not a e* p . l 3/3 

homogeneous well-defined substance. Heparin is poly- 3 5 Exp. 1 2/6 

disperse with a molecular weight range from 5,000 to ^p- 3 

40,000. Within a given chain, there are structural varia- 
tions such as the varying degrees of sulfation, N-acety- 

lation and C-5 epimerization in the uronic acid residue. EXAMPLE 2 

Cyclodextrins are natural cyclic compounds consist- ^ Shell-less Chorioallantoic Membrane Assay 
ing of six (alpha), seven (beta) or eight (gamma) D- _ ... , . . „ , 
glucose units. It has a donut-shaped molecular structure ^ chorioallantoic membra^ (CAM) 
which provides a cavity whereby clathrates may form was farned^out by fte method of Folkman et al. 
with guest molecules of suitable size. The interior of the *? d > F6Sk3 T\ scl ? ce - 23a 137:1 
cavity consists largely of uniformly spaced bridging 4 < < I98i » 35 foUows: three-day chick embryos were re- 
acetal oxygen atoms. One end of the cavity is edged moved from ^ shel3s to ^ tri (Falcon ^05) 
with — CHaOH Groups (one per glucose unit) and the under hood md cultured for farther 3 days, 
other rim is similarly edged with secondary — CHQH ^ salt of fumagillin and/or sulfated poly- 
Groups. The cavity contains water molecules hydrogen saccharide (e.g. heparin, beta cyclodextrin tetr&decasal- 
bonded to the interior oxygen atoms. so &te ) were dissolved to a 0.45% methylcellulose aque- 
The alpha, beta, and gamma cyclodextrin sulfate salts ous solution and aliquots of 10 ul were pipetted onto 
are all usable as potentiating agents of fumagillin in Teflon rods. After the solution had dried, the methyl- 
accordance with the present invention. Beta-cyclodex- cellulose disks (about 2 mm in diameter) containing test 
rrin salts are such as beta-cyclodextrin tetradecasulfate compounds, thus prepared, were implanted on the 
are preferred. J5 CAM of 6-day embryos. 

As discussed is more detail below, the angiogenesis Aft-r cultures for 48-72 hours, formations of avasu- 

inhibitory activity of fumagillin is markedly potentiated ciar zones around the disks were observed with a stere- 

by sulfated polysaccharides such as heparin and beta oscope. 

cyclodextrin tetradecasulfate. Percent of avascular zones was calculated by count- 
Thus, such agents may be used in conjunction with go ing the disks forming avascular zones per the total disks 
fumagillin in the prophylaxis or treatment of angiogene- tested. In each group there were 8—16 embryos, 
sis-related diseases. As the skilled artisan will appreci- As shown in Table 2, Fumagillin showed strong angi- 
ate, the relative amount of such potentiating agents to ogenesis inhibitory activity by the CAM assay. Angio- 
fumagillin may vary depending on a number of factors, genesis inhibitory activity of fumagillin was markedly 
including the patient's condition and administration 65 potentiated by sulfated polysaccharides: heparin and 
route. In general, the ratio of potentiating agent to fu- beta cyclodextrin tetradecasulfate. Hydrocortisone 
magillinby weightisbetweenabout l:10to30:l, prefer- does not potentiate and may suppress the effects of 
ably from about 1:3 to 10:1. 
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30 ug 


62% 






20 ug 


66% 
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40% 
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100% 
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40% 






Jug 


70% 




cyciodcitrin 
w»sulf»te 


25 ug 





EXAMPLE 4 
Rat corneal micropocket assay 
5 Hie rat corneal micropocket assay was carried out 
essentially by the method of Gimbrone et al, (Gim- 
brone, M.A. Jr. et al., J. Natl. Cancer Inst. 52, 
413(1974)). Corneal vascularization was induced in 
adult male rats of the Sprague-Dawiey strain (Charles 
10 River, Japan) by implanting 500 ng of basic FGF (bo- 
vine, R&D Systems, Inc.) impregnated in EVA (ethy- 
lene-vinyl acetate copolymer) pellets in each cornea 
(n-5). On the same day, fumagillin (5 ng/pellet) was 
also impregnated in EVA and implanted into the same 
15 cornea between the FGF pellet and the limbus. Control 
rats received an implantation of the FGF pellet and the 
EVA pellet without fumagillin. Neo vascular formation 
EXAMPLE 3 ^ observed under a stereoscope (X20, SMZ-10, Ni- 

Mouse dorsal air sac assay -n ' Km ^ "*" ne Mtcnt of vascularization was graded from — 

The angiogenesis assay by mouse dorsal air sac t0 +++ <T' f*™ t »«vascularizaticm; + poritive 
method (MDA) was carried out by the method below neovascularization not yet reaching the FGF pellet; 
which is a modification of the original rat dorsal air sac + +■ P° s,tive neovascularization reaching the FGF 
assay developed by Folkman et al. (Folkman, J. et al.; P 6 ^ + + +> P° sitive neovascularization surrounding 
J.Exp.Med.,133, 275 (9171)). Specifically, millipore 25 FGF 

chambers, equipped with a mUlipore filter with a pore M shown in FIG. 1, neovascularization stimulated by 
size of 0.45 urn (Millipore Corp.), were filled with bFGF was effectively inhibited by fumagillin. 
5X 10* sarcoma 180 cells in 0.15 ml of saline. The con- hvampt p < 

trol contained the same volume of saline. MAMrL6 5 

Under Nembutal anesthesia, each mouse received 30 In a similar experiment approximately 10 to 16 chick 
both the control and the tumor cell-containing cham- embryos (age 6 days) were used to assay each concen- 
bers in their dorsal air sac produced by the method tration of fumagillin substantially in accordance with 
mentioned above. Fumagillin was subcutaneously ad- the method described in Example 2. The fumagillin was 
ministered to the mice for 3 days after the day of opera- applied in a 10 ul pellet to the chorioallantoic membrane 
tion as a solution or suspension in 0.5% arabic gum 33 ^ or without cyclodextrin. Forty-eight hours later, 
dissolved in saline. Unless otherwise specified, fumagS- the percent of embryos with an avascular zone was 
lin was given at a dose of 100 mg (10 ml)/kg body recorded. The results are shown in Table 4. Unless 
weight. Four days later, the mice were given an intra otherwise indicated, the avascular zones are H-,e.g.,at 
arterial injection of carmme-gelatm solution under least 2 mm in diameter. An avascular zone of 2+ equals 

Nembutal anesthfsia «n/f rvmVH nn i^* fnr nhniit •> 40 . . ..... , . , 

4 mm or greater m diameter, indicating very high activ- 
ity. For example, 5 ug of fumagillin produced 33% 
Pharmacobiol. Dyn., 9, 442 (1986)). The skin was 'in- avascular zones. In contrast, 5 ug of fumagilin plus 25 
cised widely over the chambers and inner surface of the u « of ^yclodextrni letradecasulfate producea 
skin was exposed. The mouse fascia was observed under « "»% avascular zones (the majority of which are 2+). 
a stereoscope (X20; SMZ-10, Nikon). The anti-angio- Cyclodextnn (25 ug) alone had no detectable effect, 
genie activity of the compounds was evaluated by de- Heparin also potentiates fumagillin, but it is not as po- 
termining the extent of the tumor-induced vascular *«" as beta-cyclodextrin in this respect (data not 
formation in mice administered the vehicle or the test shown). 

compounds. 50 TABLE 4 

Tumor-induced vasculature exhibiting bom coiling 
vessels and an increase of the vascular net was defined 
as positive angiogenesis. 

As the results in Table 3 show, fumagillin effectively 
inhibited the tumor-induced vascular * 
TABLE 3 



Nembutal anesthesia, and cooled on ice for about 2 *0 
hours to let the gdatm-containing blood form gels ac- 
cording to the method of Kimura (Kimura, M. et al.; J. 



5,135,919 

7 g 

_ „ . B 3. The method according to claim 1 or 2, wherein the 

cAAMPLt 6 oncogenesis is caused by abnormally stimulated neo- 

A pharmaceutical preparation for use as eye-drops vascularization, 

was prepared as follows: 4. The method according to claim 3, wherein the 

5 abnormally stimulated neovascularization is diabetic 

— — retinopathy. 

toi.gAiin.odmm s»it ig 5. The method according to claim 3, wherein the 

SXTtontr '? 8 abnormally stimulated neovascularization is trachoma. 

02J * 6. The method according to claim 1 or 2, wherein 

0^5 I 10 fumagjllin is administered orally in amount of 0.1 

ragAg to 200 mg/kg per day. 

a . — . j 7. The method according to claim 1 or 2, wherein the 

Stenle dlS Ulled wa er was added to total 1 liter. After k ^nMstcred intravenously in an amount of 

sterilization by filtration, the solution was used as eye- 0 . 1 mgAg to 20 mg/kg per day. 

^P 5 - 1 5 8. The method according to claim 1 or 2, wherein an 

EXAMPLE 7 aqueous solution of fumagillin sodium salt at a concen- 

. .t _„ tration from 0.001% to 3% (w/v) is administered in the 

A pharmaceutical preparation for use as eye-drops form of eye-drops, 

was prepared as follows: 9. The method of claim 1 or 2, further comprising 

20 administering in conjunction with fumagillin or a salt 

— — — thereof, an effective amount of a potentiator of said 

P-hyfo^y-bJ^ Jid^hyies*, o.25 I ftomagillfa selected from heparin and a sulfated cy- 

p-hydtosy-beiBokieidprapionyiester o.i5 g clodextnn, the ratio of potentiator to fumagillm by 

dibasic sodium phosphite 4. g weight being between about 1:10 to 30:1. 

KKfium chloride 8.5 g 25 10. The method of claim 9, wherein the sulfated cy- 

~ clodextnn is beta cyclodextrin tetradeeasulfate. 

Sterile distilled water was added to total 1 liter. The " A P hanna . cclltical composition for the treatment 

fihrctem the solut>on was used as eye-drops. 3, * f of ^ from hepann & a ^ 

wnat is ciauned is: fated cyoiodex{rilJ( the ratio 0 potentiator to fumagUIin 

1. A method of inhibiting angiogenesis m a mammal, by weight uhl g between about 1:10 to 30:1. 
compnsmg administering an amount of fumagillin effec- jj. The pharmaceutical composition of claim 11, 
rive for the inhibition of angiogenesis or a pharmaceuti- wherein the sulfated cyclodextrin is beta cyclodextrin 
cally acceptable salt thereof to the mammal. 35 tetradeeasulfate. 

2. A method of preventing angiogenesis in a mammal, 13. The pharmaceutical composition of claim 11 or 
comprising administering an amount of fumagillin effec- 12, further comprising a pharmaceuti cally acceptable 
tive for the prevention of angiogenesis or a pharmaceu- carrier, 
deafly acceptable salt thereof to " 
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